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Introduction:  Complex  regional  pain  syndrome  type 1  (CRPS  I)  in children  differs  from  its adult  coun-
terpart  and  relevant  literature  is scarce.  Our aim  was  to investigate  potential  risk  factors  and  to  assess
midterm  outcome  and  quality  of  life.
Material  and  methods:  Medical  records  of patients  diagnosed  with  CRPS  I between  2004  and  2012  were
analyzed.  Patients  and parents  were  called  for a phone  interview  including  the  PEDS Quality  of  Life  4-0
questionnaire.  Results  were  compared  to  a control  group  matched  for  age,  gender  and  socio-economic
status.
Results:  Seventy-three  patients  were  included  (64 girls,  9  boys).  Mean  age  at  diagnosis  was  11.5  years
and  mean  time  to diagnosis  was  14.2  months.  The  lower  limb  was affected  in 89%  of  cases.  Allodynia,
coldness  and  cyanosis  were  noted  in 95%, 81%  and  of  74% of cases,  respectively.  Forty-nine  percent  of
patients  reported  a physical  injury.  Multivariate  analysis  showed  a strong  association  with  being  anxious
(OR  = 44.9,  95%  CI  [7.4–273]),  presence  of  an atopic  background  (OR  =  25.0,  95%  CI: [4.6–135]), being
good to excellent  school  performers  (OR  = 8.4 95% CI  [1.3–52.1]),  and  having  trouble  falling  asleep  (OR
=  5.3,  95%  CI [1.6–17.0]).  At  a mean  37 months’  follow-up  (12–102),  PEDS  QL 4-0 score  was  signiﬁcantly
lower  in  CRPS  patients  compared  to controls.  Fifty-seven  percent  of  patients  acknowledged  healing  and
55%  had  presented  a relapse.
Conclusion:  Childhood  onset  CRPS  I affects  predominantly  preadolescent  girls  at  the  ankle.  The  present
study  highlights  the  relatively  poor  outcome,  especially  its  physical  and  emotional  aspects  and  the  large
role  of  psychology.
Level of evidence:  IV.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Complex Regional Pain Syndrome Type I (CRPS I) in children
isplays speciﬁc features compared to the adult form. Pathophysi-
logy has yet to be understood and recommended treatment is still
ebated [1,2]. Depending on the severity of symptoms, it generates
unctional impairment, deteriorating school, family and social life.
ack of knowledge and understanding of CRPS I (previously known
s reﬂex sympathetic dystrophy) in this age group lead to delayed
iagnosis and management as well as overuse of additional inves-
igations, even though diagnosis criteria were recently clariﬁed [3].
anagement is still variable and debated, and relevant literature
s rather scarce [4–8]. The present study described the background
∗ Corresponding author. Tel.: +33 603 910 009.
E-mail address: faccadbled@wanadoo.fr (F. Accadbled).
http://dx.doi.org/10.1016/j.otsr.2015.06.013
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.and symptoms of patients diagnosed with CRPS I, then assesses
the inﬂuence upon quality of life. Our primary aim was  to iden-
tify potential risk factors for CRPS I and our secondary aim was to
assess the quality of life of these patients at least 1 year after the
diagnosis.
2. Patients and methods
Patients diagnosed with CRPS I between January 2004 and
December 2012 were included in a retrospective single-center
study. Diagnosis was made according to the Budapest clinical
criteria (Box 1) [3]. Permission was granted by the local IRB (No.
18-0313). Patients above the age of 16 were excluded as they are
usually referred to an adult facility. Records were analyzed for fam-
ily status, personal and family medical history, history of trauma
and preexisting psychosocial stress, time to diagnosis, symptoms
and their localization, biology, imaging, and number of admissions
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Box 1: Clinical diagnostic criteria for complex regional
pain syndrome according to Harden et al. [3].
1. Continuing pain, which is disproportionate to any inciting
event.
2. Must report at least one symptom in three of the four
following categories:
• sensory: reports of hyperalgesia and/or allodynia;
• vasomotor: reports of temperature asymmetry and/or skin
color changes and/or skin color asymmetry;
• sudomotor/edema: reports of edema and/or sweating
changes and/or sweating asymmetry;
• motor/trophic: reports of decreased range of motion and/or
motor dysfunction (weakness, tremor, dystonia) and/or
trophic changes (hair, nail, skin).
3. Must display at least one sign* at time of evaluation in
two or more of the following categories:
• sensory: evidence of hyperalgesia (to pinprick) and/or allo-
dynia (to light touch and/or deep somatic pressure and/or
joint movement);
• vasomotor: evidence of temperature asymmetry and/or skin
color changes and/or asymmetry;
• sudomotor/edema: evidence of edema and/or sweating
changes and/or sweating asymmetry;
• motor/trophic: evidence of decreased range of motion and/or
motor dysfunction (weakness, tremor, dystonia) and/or
trophic changes (hair, nail, skin).
4. There is no other diagnosis that better explains the signs
and symptoms.
*
i
t
P
w
m
t
g
c
i
d
w
a
y
“
e
S
i
m
c
t
w
I
t
e
w
w
f
s
a
Table 1
Detail of affected joints.
Lower limb (n = 65) Upper limb (n = 8)
Ankle 36 Wrist 8
Foot 20
Knee 4
combined in 13 cases. None could be found in 12 patients. The diag-A sign is counted only if it is observed at time of diagnosis.
n emergency departments. Patients and parents were then con-
acted by phone to check and complete the above-mentioned data.
atients whose records were incomplete or diagnosis was doubtful
ere excluded. Treatment was based on dedicated interdisciplinary
anagement in our institution, including psychological therapy
o mitigate stress/anxiety, according to up-to-date international
uidelines [3].
Patients with at least 12 months’ follow-up from diagnosis were
ontacted for a phone interview and ﬁlled out the PEDS QL 4-0 qual-
ty of life questionnaire, previously validated for pain and chronic
iseases [9–12]. The questionnaire was administered to the child
ith the parents’ agreement. Four different versions were used
ccording to the age of the patient: 5–7, 8–12, 13–18 and 18–25
ears (Appendix 1). The questionnaire is composed of 4 parts:
physical”, with 8 items, and “emotional”, “social” and “school”,
ach with 5 items; the last 3 parts form the psychosocial score.
cores are transformed on a scale from 0 to 100; higher scores
ndicate better quality of life. Questions refer only to the previous
onth. The same questionnaires were then administered to the
hildren of hospital staff members. Parents were also asked about
heir child’s personality and medical history according to a script,
ith possible responses read aloud by a single interviewer (X. B-
.). Children with history of repeat ankle injuries or any physical
rauma which required immobilization in the past 2 months were
xcluded. The remaining children constituted the control group,
hich included 92 individuals aged 8 to 20 years (mean 14). There
ere 82 girls (89%) and 10 boys (11%). It matched the CRPS I group
or age, gender and socio-economic status.
All statistical analyses were performed using SAS software (ver-ion 9.4, Cary, NC, USA).
Descriptive statistics were reported as absolute frequencies
nd percentages for qualitative data, while means were used forHip 1
Diffuse 4
continuous variables. Univariate analyses were performed for vari-
ables concerning medical history and psychological traits. All
statistical tests were two-sided and a Bonferroni correction was
used in order to control the familywise error rate. Odds ratios
(OR) and 99.5% conﬁdence intervals (CI) were estimated using
unconditional logistic regression models including gender and age.
The signiﬁcant variables were then included in a logistic regres-
sion model. Possible interactions between independent risk factors
were tested by including proper cross-product terms in the regres-
sion models and likelihood ratio tests comparing models with and
without the interaction terms were used to estimate the signiﬁ-
cance of the interaction.
With a view to exploring the inﬂuence of CRPS I on PEDS QL  4-0
score, only a subset of patients was  used: patients with at least 12
months’ follow-up from diagnosis and with available data about the
PEDS QL 4-0 quality of life questionnaire. First, univariate analyses
were performed and then, a regression model was built including
gender, age and potential confounding factors likely to inﬂuence
PEDS QL 4-0 Score.
As adolescents usually report lower quality of life scores than
children in the general population, additional exploratory results
were presented by subgroups deﬁned by age (group I < 13 years old
and group II > = 13 years old). A subgroup analysis was performed
for the factor “psychological therapy”.
3. Results
We  analyzed the records of 76 patients, of which 3 were
excluded (2 with incomplete data, and 1 with doubtful diagnosis).
Seventy-three patients were eventually included: 64 girls (88%)
and 9 boys (12%), aged 5 to 16 years (mean, 11.5). Time to diagno-
sis ranged from 0 to 120 months (mean, 14.2). Patients had been
admitted an average 2.6 times in the emergency department for
this matter prior to diagnosis. Symptoms involved the upper limbs
in 8 cases (11%) and the lower limbs in 65 cases (89%). Thirty-two
patients (44%) had multiple locations and 18 patients (25%) had
bilateral symptoms (Table 1). All patients reported intense pain
causing complete loss of function (constant use of a wheelchair
or crutches in case of lower limb involvement). Pain persisted at
night in 18% of cases. It was  associated with local coldness in 81%
of cases and cyanosis in 74% of cases. Allodynia was  present in 95%
of cases.
3.1. Risk factors for CRPS I
A physical trauma to the affected site was  reported by 36
patients (49%) and/or their family (rated as minor in 33 cases, limb
surgery in 3 cases). At least one psychosocial stress was reported
in 37 cases (51%): family conﬂict (19 cases), disease or death of
a relative (12 cases), issue at school (8 cases), sexual abuse (2
cases), gender orientation disorder (1 case), and witness of a ter-
rorist attack (1 case). Physical trauma and psychosocial stress werenosis process included radiographs in 49 cases, MRI  in 42 cases,
bone scan in 25 cases and biology (CRP and blood count) in 3 cases.
Radiographs showed osteopenia in 12% of cases. MRI  suggested
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Table  2
Potential medical and psychological risk factors associated with CRPS.
CPRS I, n = 73 (%) Controls, n = 92 (%) ORa (99.5% CI) ORb (95% CI)
Medical history
Atopic background 38 (52) 18 (20) 5.1 (1.6–15.6) 25.0 (4.6–135.5)
Speech therapy 20 (27) 19 (21) NS NS
Psychological therapy 22 (30) 9 (10) 4.2 (1.1–15.9) NS
Headaches 31 (42) 9 (10) 6.6 (1.8–24.1) NS
Abdominal pain 31 (42) 20 (22) 4.7 (1.6–14.1) NS
Trouble falling asleep 46 (63) 19 (21) 6.9 (2.2–21.9). 5.3 (1.6–17.0)
Character traits
Good to excellent school performer 67 (92) 66 (72) 5.9 (1–36.7) 8.4 (1.3–273.0)
Anxious  66 (90) 28 (30) 22.2 (4.4–112.1) 44.9 (7.4–273.0)
Perfectionist 46 (63) 28 (30) 4.3 (2.2–21.9) NS
CI: conﬁdence interval; NS: not statistically signiﬁcant.
a Odds ratios adjusted for age and gender.
b Odds ratios adjusted in multivariate analysis.
Table 3a
Quality of life according to PEDS QL 4-0 Score in CRPS patients at follow-up versus
controls.
PEDS Score CRPS (n = 38) Controls (n = 92) P
Total 78.4 89.4 a
Physical 78.5 92.6 a
Psychosocial 78.3 87.7 a
Emotional 67.1 81.6 a
Social 85.0 93.4 a
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MSchool 82.9 88.1 NS
eans adjusted for gender and age. NS: non-signiﬁcant.
a Signiﬁcant.
RPS I in 26% of cases, with bone bruise. Bone scan was  cold in
4% of cases. Biology was normal in all cases.
Univariate analysis of medical history and psychological traits
s presented in Table 2.
There was a statistically signiﬁcant difference between cases
nd controls for the following variables: atopic background
OR = 5.1, 99.5% CI [1.6–15.6]), abdominal pain (OR = 4.7, 99.5% CI
1.6–14.1]), chronic headache (OR = 6.6, 99.5% CI [1.8–24.1]), his-
ory of psychological therapy (OR = 4.2, 99.5% CI [1.1–15.9]) as well
s being good to excellent school performer (OR = 5.9, 99.5% CI
1–36.7]), perfectionist (OR = 4.3, 99.5% CI [2.2–21.9]) and having
rouble falling asleep (OR = 6.9, 99.5% CI [2.2–21.9]). The strongest
ssociation was observed with being anxious (OR = 22.2, 99.5% CI
4.4–112.1]).
Multivariate analysis results showed a still strong association
ith being anxious (ORa = 44.9, 95% CI [7.4–273]), history of an
topic background (ORa = 25.0, 95% CI [4.6–135]), being good to
xcellent school performer (ORa = 8.4, 95% CI [1.3–52.1]) and having
rouble falling asleep (ORa = 5.3, 95% CI [1.6–17.0])..2. Quality of life
Fifty patients had at least 12 months’ follow-up. Three were lost
o follow-up at the time of the study and 9 refused to answer the
able 3b
uality of life according to PEDS QL 4-0 Score in CRPS patients at follow-up versus contro
PEDS Score Group I (< 13 years old) (n = 39) 
CRPS (n = 11) Controls (n = 28) 
Total 84.6 (12.9) 87.6 (4.9) 
Physical 85.2 (14.4) 91.1 (7.1) 
Psychosocial 84.2 (12.6) 85.9 (5.8) 
Emotional 76.4 (22.7) 78.4 (8.6) 
Social 86.8 (14.4) 92.1 (7.0) 
School 89.5 (10.1) 87.1 (8.0) 
eans (standard deviation). NS: not statistically signiﬁcant.
a Statistically signiﬁcant.questionnaire, leaving a total of 38 patients with available data at
a mean 37 months’ follow-up (12–102). PEDS QL 4-0 score was
signiﬁcantly lower in the CRPS I group compared to controls for all
parts except for “school” (Table 3a).
The same pattern was  observed in both age subgroups, although
not signiﬁcantly in group I (< 13 years) (Table 3b). Mean total
PEDS QL 4-0 score was  9 points lower in CRPS I patients com-
pared to controls in multivariate analysis. A relapse was noted in
55% of cases. Fifty-seven percent of patients reported complete res-
olution of symptoms, 27% improvement and 16% no change at all
since diagnosis. Twenty-nine patients had followed a psychological
therapy. Their average PEDS QL 4.0 score was  lower than for those
who did not, although below statistical signiﬁcance on multivariate
analysis.
4. Discussion
Our study described patients’ background and symptoms thor-
oughly and our results are consistent with the relatively scarce
literature: i.e., CRPS I mostly affects girls (84 to 100%), and often
in the lower limbs (44 to 100%) [1,2,4,5,13]. Age at diagnosis was
slightly younger (11.5 vs. 12 to 14.3 years) and time to diagnosis
was longer than previously reported, which suggests CRPS I mostly
affects preadolescents.
4.1. Risk factors for CRPS I
Psychosocial stress before the onset of symptoms was  found
in 51% of cases. Sherry and Weisman and Brooke and Jansele-
witz also investigated this factor in smaller series and reported
57% psychosocial stress and 44% psychological diagnoses, respec-
tively [13,14]. Moreover, a physical trauma was  identiﬁed in 49% of
cases, of which 92% were considered minor with a majority of ankle
sprains or benign physeal injuries, which rather suggests a psy-
chological component. Atopic background was correlated to CRPS
ls, by age groups.
P Group II (≥ 13 years old) (n = 91) P
CRPS (n = 27) Controls (n = 64)
NS 73.6 (16.1) 88.0 (3.9) a
NS 74.0 (20.8) 91.6 (6.0) a
NS 73.4 (15.6) 86.0 (4.8) a
NS 59.5 (22.3) 79.2 (9.0) a
NS 84.3 (16.3) 94.1 (6.0) a
NS 76.3 (19.4) 84.8 (10.5) NS
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 (ORa = 25) although we could not explain this relation. Anxiety,
rouble falling asleep and good to excellent school performance
ere also correlated to CRPS I (ORa = 44.9, 5.3 and 8.4, respectively).
o the best of our knowledge, the involvement of such factors
s atopic background or character traits has not been reported
efore in this age group, although Li et al. recently reported that
ositive history of allergy/hypersensitivity reactions was a predis-
osing condition for CRPS I, in a 115-case series of adult orthopedic
atients [15]. Incidence of somatoform disorders (42% headache
nd 42% abdominal pain, OR = 7 and 5 respectively, but only on
nivariate analysis) was higher as compared to previous reports by
ruz et al. and Brooke and Janselewitz, with 24% and 16% headache
ates, respectively [13,16].
CRPS I diagnosis remains clinical. Other imaging than plain
adiographs was only useful to rule out differential diagnoses as
here are no speciﬁc positive signs of CRPS I. When bone scan was
erformed, regional hypoﬁxation was suggestive of CRPS I (44% of
ases).
.2. Quality of life
The current study is the ﬁrst to evaluate quality of life after CRPS
 in children. Our results at 3 years’ follow-up were worse than
reviously reported [4,5,17–19]. All parts of the PEDS QL 4.0 score
xcept “school” were signiﬁcantly affected. Only 57% of patients
eported complete resolution of symptoms at follow-up, which
ontrasts with previous studies reporting 75 to 90% resolution.
oreover, relapse percentage was higher than in the literature
55% vs. 20 to 37%). Tan et al. reported a decreased SF-36 quality
f life with only 24% complete resolution and a large 33% relapse
n a series of 42 patients at 12 years’ follow-up [20]. Prognosis in
hildhood-onset CRPS I seems less favorable than usually thought.
Patients who were prescribed psychological therapy surpris-
ngly had worse outcome than those who were not, although
elow statistical signiﬁcance on multivariate analysis. This may  be
xplained by some underlying psychological vulnerability. These
atients need prolonged follow-up and may  be more prone to
mpaired quality of life and relapse, although this was not statisti-
ally demonstrated in the current study. This result also conﬁrms
he strong psychological component of CRPS I in children. We  are
onvinced of the usefulness of adapted psychological therapy.
Most of the limitations of this study are related to its retrospec-
ive nature with the use of phone interviews, as data may  have
een lost. Some answers from patients and parents may  have lacked
bjectivity and therefore reliability, given their emotional involve-
ent. One strength was the management and follow-up of patients
n a single center by a single assessor (C. A.-P.).
. Conclusion
CRPS I affects predominantly preadolescent girls, in the ankle.
iagnosis is essentially based on the patient’s history and character
raits and clinical examination. The presence of psychosocial stress
s certainly a key element and should be looked for systematically
or diagnosis. Midterm outcome is not as favorable as previously
hought, especially concerning physical and emotional aspects.
[gy: Surgery & Research 101 (2015) 745–748
Further studies on this topic are needed to improve knowledge and
therefore, the care of CRPS I patients.
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